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SUMMARY 


On  June  12-13,  1996,  ONR’s  Broadband  Undersea  Warfare  Processing  Working  Groun 
convened  ds  first  meeting  at  The  Pennsyivania  State  University’s  Ipplfed 
Laboratory.  Approximately  30  attendees  interacted,  discussing  the  vie  stlTld 
issues  associated  with  broadband  processing  for  USW.  The  SYSCOMM  soonsor 
laboratory  and  academic  communities  were  all  represented.  Discussions  railged  from 

wSof  Llm  The  attached  minutes  and  tesL  L  a 

product  of  the  entire  group  and  represent  the  group’s  initial  recommendations. 

The  focus  of  the  working  group  was  to  identify  the  potential  payoffs  of  broadband 
sensing/processing/modelmg.  quantify  the  value-added  (or  potential  value  added)  by  each 
bioadband  payoff,  determine  the  status  of  realizing  each  payoff,  the  references  Ic^i^ed 
with  Its  realization,  and  the  issues  that  must  be  resolved  for  practical  Heet  utility.  The 
pnmary  documented  result  of  this  initial  meeting  is  this  list  of  payoffs  and  the 
infomation  associated  with  each  payoff.  This  list  is  included  as  14  “slides’’.  The  intent 

of  these  spacious  slides  is  to  have  reviewers/attendees  amend/supplement  these  slides 
with  their  ideas,  comments  and  feedback. 

Obviously,  other  non-documented  products  of  the  working  group  included  the 
interactions  between  the  diverse  group  members  and  a  new  “awareness”  between  thel 

archlVo^321US  ff  ^  ONR  objectives  of  the  working  group  (listed  in  the 

attached  ONR321US  presentation)  were  satisfied.  The  resulting  list  of  payoffs  are  in 

pnontized  order  (relative  to  the  opinions  of  our  working  group  only')  and  the  status  of 

each  of  these  payoffs  will  help  focus  toe  efforts.  Due' o\eL  succesTel  the  worto 

SZII  membership  and  its  association 

with  related  worbng  youps  (a  wide  consensus  of  the  working  group  was  the  requirement 

to  incorporate  broadband  environmental  and  sensor  information  into  the  broadband 
processing  concepts). 

Coordination  with  related  working  groups  is  on-going,  attendees  continue  to  interact  and 
provide  references  and  other  information,  new  members  have  been  recommended,  and 
roadband  sensing,  processing  and  modeling  concepts  continue  toward  Fleet  utility  The 

Prixessing  Working  Group  meeting  will  likely  convene  prior  to 
the  end  of  1996  due  to  the  heightened  interest  and  demand  for  broadband  processing  For 

further  mfomiation  on  the  Broadband  USW  Processing  Working  Group,  please  contact 
one  or  the  authors. 


ONR  32's  Broadband  USW  Processing  Working  Group 


June  12  &  13  at 

The  Applied  Research  Laboratory  (PSU/ARL) 

The  Pennsylvania  State  University,  University  Park,  PA 

Motivations/Deficiencies:  Broadband  processing  is  beginning  to  be  more  intensely  researched  by  a 
diverse  USW  S&T  community.  Previous  broadband  processing  research  efforts  were  often  limited  by 
the  immense  processing  required  for  its  implementation.  As  computing  capabilities  have  soared  and 
narrowband  processing  has  approached  its  theoretical  limits,  broadband  processing  has  become  a 
primary  direction  for  further  USW  processing  gains.  By  leveraging  the  basic  research  in  broadband 
processing  common  to  USW  and  other  diverse  applications,  a  Broadband  USW  Processing  Working 
Group  can  efiBciently  and  rapidly  educate  the  USW  community  and  focus/prioiitize  the  broadband 
processing  issues  unique  to  USW.  Coordinating  these  diverse  efforts  and  fusing  them  with  current 
USW  needs  and  requirements  will  create  a  more  consistem  and  rapid  understanding  of  broadband 
processing  concepts,  issues,  and  current  status,  benefiting  the  entire  USW  S&T  community. 

Approach:  The  Processing  Working  Group  would  hold  several  technical  meetings  throughout  the  year 
to  discuss  issues  spanning  broadband  processing;  theories,  definitions,  fundamental  processing 
limitations  (environmental/target/sensor  effects  included),  simulations,  implementations,  etc.  These 
meetings  will  emphasize  the  generally  applicable,  abstract  broadband  processing  concepts  that 
are  common  to  the  diverse  applications  and  concentrate  their  applicability  to  USW  problems. 
Culmination  of  these  interactions  would  result  in  multiple  joint  reports  and  papers. 

USW  Broadband  Processing  Working  Group  Membership  (Target  initial  group  size  is  20); 

ONR,  PEO-USW  and  related  Navy  sponsors  with  on>going  or  proposed  broadband  processing 
programs  will  provide  a  program  representative(s).  To  reduce  the  management  overhead  and  maintain 
focus  on  the  underlying,  abstract,  common  features  of  broadband  processing  (not  associated  issues),  the 
initial  membership  in  the  working  group  will  consist  of  researchers  currently  under  contract  to  perform 
broadband  processing  research  and/or  implementation  (as  well  as  their  Navy  sponsors).  Additional, 
“adjunct,”  members  that  perform  broadband  processing  outside  of  the  USW  application  may  be 
consulted  and  invited  to  speak  to  the  group  as  appropriate,  such  as  spread  spectrum  experts,  etc. 
Obviously,  it  is  intended  to  grow  the  membership  in  this  working  group  in  the  future.  Potentially 
subgroups  will  be  created  for  environmental/target/sensor  effects  (beyond  processing). 

POC;  Nancy  Hamed,  ONR  321US,  Program  Manager  of  Active  USW  Processing.... 
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Applied  Research  Laboratory 
The  Pennslyvania  State  University 


om*s 

WIDEBAND  USW  PROCESSING  WORKING  GROUP 
June  12-13,  1996 
ARL’s  New  Building  Auditorium 


lung  12. 1996 

8:30 

WELCOME  &  ORIENTATION 

Dr.  Randy  Young 

8:45-9:15 

ARL/PSU  OVERVIEW 

Dr.  Edward  G.  Liszka 

9:15  -  9:30 

WORKING  GROUP’S  CHARGE 

Nancy  Hamed,  ONR  321US 

9:30  -  12:00 
(break  included) 

BROADBAND  DETECTION  -  1 

Motivation/Payoffs/Ultimate  Goals 
Current  Status/References 

Issues  -  Specific  &.  Quantified 

1:00  -  2:00 

BROADBAND  DETECTION  -  2 

Prioritization 

New  Term  Goals/ Approach 

2:00-5:00 
(break  included) 

BROADBAND  CLASSIFICATION 

Motivation/Payoffs/Ultimate  Goals 
Current  Status/References 

Issues  -  Specific  &  Quantified 
Motivation/Payoffs/Ultimate  Goals 
Current  Status/References 

Issues  -  Specific  &  Quantified 

June  13.  1996 

8:30  -  8:45 

COMMENTS  &  FEEDBACK 

Nancy  Hamed,  Randy  Young 

8:45  -  11:30 
(break  included) 

BROADBAND  LOCALIZATION 

Motivation/Payoffs/Ultimate  Goals 
Current  Status/References 

Issues  -  Specific  &  Quantified 
Motivation/Payofis/Ultimate  Goals 
Current  Status/References 
Issues  •  Specific  &  Quantified 

1:00  -  3:00  DISCUSSION,  CONCLUSION,  FEEDBACK  &  PLANNING 

Other  issues,  such  as  Environmental  &  Targ^  Modeling  &  Characterization 

3:00  CHARGE  TO  WORKING  GROUP  Nancy  Hamed,  ONR  321US 
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BROADBAND  PROCESSING  WORKING  GROUP 

OBJECTIVES 
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BROADBAND  PROCESSING  WORKING  GROUP 

GROUND  RULES 
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WIDEBAND  SIGNALS/SYSTEMS 
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BROADBAND  PROCESSING  EXAMPLES 
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Fleet  USW  Systems 


12  June  1996,  New  Building  Auditorium 

G^oup  Broadband  Undersea  Processing  Working 


Mutual  interference,  which  is  associated  with  broadband  processing  is  a  critical 
issue  that  must  be  examined. 


2. 

3. 

4. 

5. 


Build  balanced  surface  active  sonar  systems  for  surface  ships.  In  the  next  decade 
e  ocus  wi  be  on  quieting  surface  ships  cheaply  by  using  technologies  from  the 
submanne  community.  LPI  (low  probability  of  intercept)  is  an  essential  issue. 

The  future  of  broadband  sources  lies  in  the  spreading  out  of  the  spatial  distribution 
of  sources  and  in  multiple  sources. 


Broadband  capabilities  are  still  unproven,  so  more  research  is  needed  to  define  the 
techmcal  potential. 

Two  approaches  support  target  categorization.  The  first,  which  was  developed  by 
Dave  Nelson  in  the  area  of  hydrodynamics,  establishes  a  series  of  point  targets 
The  second  focuses  on  the  dispersive  effects  of  submarines  through  a  frequency 
analysis.  In  this  approach,  frequency  sweeps  and  dispersive  effects  are  clearly  seen 
and  provide  strong  evidence. 


Performance  Quantification 

6 .  Compare  our  techniques  against  HER  as  a  baseline. 

7 .  Generate  measures  of  effectiveness. 

8 .  Enunciate  the  requirements  for  broadband  modeling. 


Questions  from  Commander  John  Polcari  (USN) 

1 .  How  do  we  maximize  the  'S'  in  SNR? 

2.  How  do  we  minimize  the 'N' in  SNR? 

3 .  How  do  we  suppress  the  tails  of  the  'N'  distribution? 

4 .  What's  the  "right"  transmitted  waveform? 

5 .  What  s  the  right  approach  to  spatial  source/receiver  diversity? 

6 .  How  do  we  properly  address  target  motion? 

7 .  How  do  we  properly  address  source/receiver  motion? 

8 .  How  do  we  properly  address  motion  of  the  medium? 

9 .  What  approaches  for  fade/glint  resistance? 

10.  What  environmental  parameters  must  be  known  to  "stabilize"  the  target  return? 

1 1 .  How  do  we  get  a  handle  on  these  parameters? 

1 2.  What  multipulse  strategies? 

1 3 .  What  strategies  can  be  used  to  maximize  the  data  rate? 

14.  What  is  the  right  approach  to  spatial  aspects  of  the  processing  problem, 
particularly  for  receivers? 

15.  In  the  broadband  problem,  what  is  the  level  of  interaction  between  the  spatial 
aspects  and  the  processing? 
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June  1996  Broadband  Undersea  Processing  Working  Group/  2 


Detection 


—  Broadband  Enhancement  ClassiHcation 


and  Localization 


Motivation/Goal 

1 .  Low  Doppler  target 

2 .  Resolution  gains  -  target  frequency  response/target 
reconstruction/overresolution/narrower  beams 

3 .  Fading  resistance  -  "Brush"  filter  multipath 

Payoffs 

Quantified/baseline 

1 .  Reverberation  reduction 

-Interoperability 

-Sparse  array  (fewer  sensors) 

-High-rate  probing/multi-ping 
-Resolution  gains  for  environmental  robustness 
-Doppler  beam  sharpening 
-Energy  gains — time  bandwidth 
-Covert/LPI  active 

-Environmental  characterization  utility  of  broadband 
Approach/Status 

-Cite  signal  processing  techniques 

-References  [Communication  theory  textbook  -  Dick  Altes  needs  to  provide  reference] 
[Leon  Sibul  will  provide  specific  references  on  using  broadband  in  conjunction  with  spatial 
processing] 

[Cite  reference  on  optimum  'S'  -D.  Ricker] 

[Don  Miklovic  can  provide  references  on  the  nonadaptive  beamformer] 

[Don  Miklovic  noted  that  Lockheed  Martin  has  data  sets  -  who  will  provide?] 

[Don  Miklovic  will  provide  SACLANT  Center  data,  and  he  said  a  journal  article  was  based 
on  this  data  set] 

[Matt  Tattersall  mentioned  the  NUWC  data  set,  but  said  nothing's  ever  been  done  with  it] 
[Don  Miklovic  will  provide  a  set  of  100  charts] 

[LLDS  data  should  1^  made  available] 

Issues 

1 .  How  do  we  maximize  the  'S'  in  SNR? 

The  working  group  discussed  how  to  optimize  'S'.  As  explained  by  Dr.  Ricker,  one 
technique  is  to  optimize  the  receiver,  but  keep  the  transmitter  the  same.  By  focusing  on  the 
receiver's  design  (where  power  is  the  only  constraint),  the  signal  is  optimized.  But  Dr. 
Young  noted  that  many  assumptions  about  optimal  situations  exist.  Commander  Polcari 
asked  if  a  broadband  receiver  were  built,  which  arrays  should  be  chosen. 
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At  this  point  of  the  meeting,  our  emphasis  is  shifting  to  broadband 
processing  payoffs  and  the  issues  associated  with  realizing  these 
payoffs. 


General  Broadband  Processing  Issues  for  Each  Payoff 


•Medium  broadband  coherences/losses 
•Target  response  structure 
•Processing  requirements 
•Source  coherence 
•Target  response  at  all  bandwidths 
•Theory  v.  practice 

•Coherent  v.  incoherent  broadband  noise 
•Broadband- "anything"  definitions 
•Payoff  V.  cost 

•Can  you  substitute  bandwidth  for  spatial  aperture? 
•Sufficiency  of  data 

•Mismatch  between  the  assumptions  and  reality 
•Over  what  regions  are  these  assumptions  valid? 


Reverberation  Reductions  (Highest  Priority) 
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Broadband  Processing  Payoffs/ 


Reverberation  Reductions  (Highest  Priority)  Cont. 

How?  Quantified  NB  References  Issues 

(BW  T)  Comparison  (Status) 
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Broadband  Processing  Payoffs/ 


Low-Doppler  Target  Detection 
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Broadband  Processing  Payoffs/ 
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Bioadband  Processing  Payoffs/ 


Resolution  Gains  (Target  Highlight  Structure) 
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ResoluUon  Gains  (Target  s  Frequency  Response) 
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